Abstract. Aluminum borate whisker with different ratios (20wt%, 30wt%, 40wt%, 50wt%, 70wt%) was added to the aluminum phosphate matrix. The composite was sintered at 750℃-1400 ℃ temperature, then the dielectric constant (ε) and the dielectric loss tangent (tanδ) of the composite was measured. The results show that when the whisker content is the same, the dielectric constant of the sample increases with increasing of relative density, but the dielectric loss decreases with increasing of relative density. The dielectric loss of the composite is mainly caused by the relaxation polarization.
Introduction
The dielectric properties of the composite mainly characterize by the dielectric constant (ε) and the dielectric loss tangent (tanδ) [1] . Permittivity is a macroscopic physical quantities that comprehensively response dielectric polarization behavior. It is a multiples of the capacitance of the capacitor is increased when the dielectric instead of vacuum, it is actually a relative value. Dielectric polarization capacity is stronger in the electric field; the value of the dielectric constant (ε) is greater. The dielectric loss tangent means the energy that the dielectric consumed in the unit time and unit volume, when it put the electric energy into heat. In practical engineering applications, the dielectric loss is usually used for tangent of dielectric loss angle (tanδ) to express. There are two distinct advantages, if you research dielectric loss by tanδ. First, permittivity (ε) and tanδ can be measured directly at the same time. Second, tanδ have nothing to do with the size and shape of the measurement sample, it is a dielectric own properties. In most cases, tanδ is more sensitive than ε to the changing of the dielectric properties. Figure 1 . Relation of relative density and dielectric constant of composites at different sintering temperature.
The Influence of Sintering Temperature and Whisker Content on the Dielectric Properties of Composite Materials
Good wave-transparent materials not only require good mechanical properties, but also require a low dielectric constant (ε) and low dielectric loss tangent (tanδ) [2] . The dielectric constant affects the reflection degree of electromagnetic waves on the medium, the smaller the dielectric constant, the smaller the intensity of the reflected wave. The dielectric loss angle reflects the energy loss degree of electromagnetic in the medium, the smaller the value, the smaller the energy loss of electromagnetic waves, thereby increasing the transmittance of the electromagnetic wave. Table 1 shows the relative density and dielectric properties of different samples at different temperature. Figure 1 shows the relation of relative density and dielectric constant of the sample with 30wt% whisker at different sintering temperature. Its relative density increased from 75.11% to 87.16%, and then reduced to 84.75%; its permittivity also increased from 3.93 to 4.24, and then reduced to 4.20. It can be seen from Table 1 , the dielectric constant of the other samples also significantly increased along with the relative density increased, and when the density is increased to a certain extent, the dielectric constant tends to be stable. We know that the dielectric properties of the material closely connect with the density and porosity of the material. Walton gives the relationship between dielectric constant and porosity [3] .
Among them, p--the porosity of material; (1-p)--the relative density of the material; ε p --the dielectric constant when porosity equal P; ε 0 --the dielectric constant when porosity equal 0. The value in Figure 1 is substantially in line with this relationship, the greater the density and the smaller the porosity of the material, the greater the dielectric constant. Figure 2 shows the relation of relative density and dielectric loss of the sample with 30wt% whisker at different sintering temperature. It can be seen from the figure, the dielectric loss of sample containing 30wt% whiskers decreases with increasing of density, and the dielectric loss of the composite is overall high at 10GHz. This is mainly caused by the following reasons.
First, because there are many pores in the composite, the material engenders ionization loss. When the external electric field intensity exceeds the electric field intensity ionized gas required in the pores, the gas will ionize and absorb the energy, resulting in energy loss. And the more pores, the greater the loss.
Second, because the structure of the composite material is not tight enough, the material engenders structure loss. There are many voids, impurities, defects and lattice distortion in the composite materials. Expand the scope of activities of ions, in the external electric field, the weak ties ions in the crystal is likely through electrode movement, resulting in conduction loss; the weak links ions may move back and forth within a certain range, the formation of the thermionic relaxation, resulting in relaxation polarization loss [4] . 
The Influence of Molding Pressure on the Dielectric Properties of Composite Materials
In order to ensure adequate formability and mechanical properties of the material, a certain molding pressure is necessary. In this paper, the sample containing 40wt% of whiskers was formed under pressure of 100MPa and 200MPa. Table 2 shows dielectric properties of composites with 40wt% whisker content at different sintering temperature and molding pressure. Figure 3 shows the relation of sintering temperature and dielectric constant at different forming pressure. At the same sintering temperature, with the increase of the forming pressure, the dielectric constant of the sample increases. This can be explained from the dielectric electrostatic field model, the dielectric constant increase with the enhancement of dielectric polarization capacity [5] . The total polarization is in line with the formula (2) .
(2) Among them, N--the number of particles per unit volume; α--electric susceptibility; Ei--effective electric field. When the molding pressure increases, the material becomes dense, the number of particles per unit volume increases, so that the dielectric constant increased. When the pressure increases to a certain extent, the growth will flatten. Table 3 lists the dielectric constant and dielectric loss tangent of several common radome materials. It shows that the dielectric constant of aluminum borate whisker reinforced aluminum phosphate composite materials (30wt%) is only slightly higher than that of quartz ceramic, which is much lower than that of other inorganic wave-transparent material; but its dielectric loss is serious. 
Performance Comparison

Summary
When the whisker content is the same, the dielectric constant of the sample increases with increasing of relative density, but the dielectric loss decreases with increasing of relative density. The dielectric loss of the composite is mainly caused by the relaxation polarization. When the molding pressure of the sample is increased, the dielectric constant of the sample increases. The dielectric constant of aluminum borate whisker reinforced aluminum phosphate composite is in the range of 2.80 -4.45, the dielectric loss is in the range of 0.00826～0.03396.
